O ne-quarter to one-half of patients with schizotypal disorder experience conversion to schizophrenia within 5 years. [1] [2] [3] This potential link is further strengthened by studies showing that parental schizotypal disorder is associated with schizophrenia in offspring. 4, 5 Substance use disorders are common in patients with schizotypal disorder, 6 and cannabis has been shown to be a risk factor for developing schizotypal disorder. 7 Cannabis has also been linked to an increased risk of schizophrenia. 8 Other substance use disorders, in particular alcohol use disorder, may also increase risk of later schizophrenia. 9 These previous results suggest that substance use, in particular cannabis, may be associated with conversion to schizophrenia in individuals with schizotypal disorder. Two small studies from Denmark 1, 3 failed to find such a link but were based on only 79 and 83 individuals each. Conversely, one of these studies found that in fully adjusted analyses, antipsychotic treatment and level of functioning were the only statistically significant variables associated with transition to psychosis, 3 whereas only sex was significantly associated in the other study. 1 This finding may have been attributable to low power because the odds ratio for the association of cannabis use with psychosis was 2.5 but with a very wide CI. Consequently, an association cannot be ruled out and needs to be investigated in larger samples. The potential role of other substances has not to our knowledge been investigated previously. Further investigation of this proposed association may provide physicians and psychiatrists with better tools for preventing or detecting onset of schizophrenia in individuals with schizotypal disorder regardless of whether such an association is causal or simply an indicator of risk.
In the present study, we aimed to investigate whether substance use disorders are associated with conversion to schizophrenia in individuals with schizotypal disorder. Our hypothesis was that individuals with substance use disorders would be at increased risk compared with those without substance use disorders. We also hypothesized that cannabis use disorders would be more strongly associated than other substance use disorders. Finally, we aimed to investigate whether this association was confounded by use of antipsychotics or parental history of mental illness.
Methods

Population
We used the nationwide Danish registries linked through the civil registration number that has been provided to all individuals with legal residence in Denmark since 1968. 10 We identified all persons born in Denmark from January 
Statistical Analysis
Data were analyzed from March 10, 2017, through February 15, 2018, using using Cox proportional hazards regression. The cohort was followed up from incident schizotypal disorder diagnosis until incident schizophrenia diagnosis, death, migration, or August 10, 2014 (the last update of the current set of registers), whichever came first. Diagnoses of substance use disorders and receipt of antipsychotics were treated as time-varying covariates. If an exposure was incident before incident schizotypal disorder, the exposure was thus present for the entire time at risk for that individual. All analyses were adjusted for sex, calendar year, and year of birth. In model 1, each variable was entered independently. In model 2, all variables were entered simultaneously. We tested for multicollinearity, which was not an issue (highest variance inflation factor, 1.44; mean, 1.23). We performed sensitivity analyses by censoring patients when they started receiving antipsychotics rather than adjusting for this information. Consequently, individuals receiving antipsychotics before the date of incident schizotypal disorder were never entered into these sensitivity analyses. These analyses were conducted owing to the possibility that patients had already developed schizophrenia at the first prescription of an antipsychotic without the proper change in diagnosis in the hospital registers. We conducted further sensitivity analyses of individuals regardless of their year of birth to increase statistical power but at the cost of reduced confidence in the diagnoses of schizotypal disorder being truly incident. A final set of sensitivity analyses distinguished between onset of substance use disorder before or after incident schizotypal disorder. Analyses were conducted using Stata/MP software (version 14.1; StataCorp). 
Results
We identified 3027 individuals born in Denmark since 1981 with incident schizotypal disorder ( Table 2) . Of these, 275 (9.1%) were excluded because they had had a diagnosis of schizophrenia before their diagnosis of schizotypal disorder. A further 213 (7.0%) were excluded because they had lived outside Table 3 gives hazard ratios (HRs) and 95% CIs for conversion to schizophrenia. Any substance use disorder (HR, 1.34; 95% CI, 1.11-1.63), opioid use disorder (HR, 2.74; 95% CI, 1.38-5.45), cannabis use disorder (HR, 1.30; 95% CI, 1.01-1.68), amphetamine use disorder (HR, 1.90; 95% CI, 1.14-3.17), and antipsychotic use (HR, 1.42; 95% CI, 1.18-1.70) were all associated with conversion to schizophrenia in the fully adjusted analyses. Other substance use disorders were associated with conversion to schizophrenia in the basically adjusted model 1 (HR, 1.59; 95% CI, 1.18-2.15) but not in the fully adjusted model.
The Figure shows a Kaplan-Meier curve of conversion rates to schizophrenia. The overall 20-year conversion rate from schizotypal disorder to schizophrenia was 33.1% (95% CI, 29.3%-37.3%). The 1-and 2-year conversion rates were 11.7% (95% CI, 10.5%-13.0%) and 16.3% (95% CI, 14.8%-17.8%), respectively. For ease of presentation and because no statistically significant risk factors for conversion were present, substance use disorders other than alcohol and cannabis use disorders were pooled into a single category. After 20 years, 58.2% (95% CI, 44.8%-72.2%) of individuals with cannabis use disorder had experienced conversion to schizophrenia. For individuals with alcohol use disorder, the 20-year conversion rate was 47.0% (95% CI, 35.3%-60.2%). For those without any substance use disorder, the 20-year conversion rate was 30.6% (95% CI, 27.7%-34.5%). In sensitivity analyses censoring individuals at first receipt of antipsychotics, the association for any substance use disorder was not present (HR, 1.11; 95% CI, 0.86-1.45). For individual substance use disorders, estimated HRs were largely unchanged, but none were statistically significant, presumably because of decreased power. We conducted further sensitivity analyses regardless of the birth year of the cohort (n = 6598). In these fully adjusted analyses, alcohol use disorder was also associated with conversion to schizophrenia (HR, 1.18; 95% CI, 1.05-1.32), but amphetamine use disorder (HR, 0.92; 95% CI, 0.65-1.30) and opioid use disorder (HR, 0.99; 95% CI, 0.73-1.33) were not. Low level of functioning was also associated with conversion to schizophrenia in these analyses (HR, 1.30; 95% CI, 1.16-1.46). Conversion rates in this sensitivity analysis were almost identical to those in the main analysis.
Finally, we conducted sensitivity analyses stratifying substance use disorders into those with onset before or after incident schizotypal disorder. Cannabis use disorder with onset before incident schizotypal disorder was not associated with conversion (HR, 1.00; 95% CI, 0.70-1.41; P = .98), and generally no substance use disorder other than opioid use disorder (HR, 2.59; 95% CI, 0.99-6.77; P = .05) with onset before incident schizotypal disorder was associated with conversion to schizophrenia.
Discussion
Cannabis, amphetamine, and opioid use disorders were associated with conversion to schizophrenia in the fully adjusted model. Cannabis use has been extensively studied as a risk factor for schizophrenia in the general population, and our study revealed this association. 8, 9 A previous study 9 investigated cannabis and other substance use disorders as risk factors for schizophrenia and found that even after full adjustment, cannabis use disorders led to a more than 5-fold increased risk of schizophrenia. The HRs estimated in individuals with schizotypal disorder were markedly lower, which probably reflects a higher baseline risk of conversion to schizophrenia in this population, with 16.3% of those without any substance use disorders experiencing conversion to schizophrenia within a 2-year period. Several explanations may be proposed for this association. The association may be causal. This explanation is supported by a number of indicators from studies establishing an association between cannabis use and schizophrenia in the general population. First, the association appears to be dose dependent 8, 9 ; second, the association is stronger for more potent types of cannabis 15, 16 ; third, cannabis use is associated with earlier onset of psychosis 17 ; and fourth, age at onset of cannabis use is associated with age at onset of schizophrenia. 18 If such associations are true in the general population, they likely would also be true in a high-risk population, such as individuals with schizotypal disorder. A different explanation of the association is that schizophrenia increases the risk of commencing use of cannabis or other substances. 19 In favor of this hypothesis is that such diverse substances as cannabis, amphetamines, and opioids are associated with conversion to schizophrenia. In our study, the first registered date of substance use disorder came before the first registered date of schizophrenia, but delays in diagnoses may have caused schizophrenia or its preclinical symptoms to predate substance use. Many other studies have applied different methods to minimize the risk of this occurrence, and the association is unlikely to be explained by this theory of reverse causation. 8, 9 Finally, the association may be explained by common underlying or confounding factors. Sensitivity analyses showed that conversion was almost exclusively driven by substance use disorder with onset after incident schizotypal disorder. Alcohol use disorder was not associated with conversion from schizotypal disorder to schizophrenia in the main analysis, but it was in sensitivity analyses when ignoring the birth year of the cohort, possibly owing to increased power in these analyses. This finding is in line with a previous study of the Danish general population. 9 Further research is needed in this area to establish whether the association is causal. Low level of functioning was not associated with conversion to schizophrenia in the main analysis, but it was in the sensitivity analysis when disregarding birth year. This finding is in line with those of previous studies regarding conversion to schizophrenia. 3, 20, 21 This variable may be an indicator of degree of illness, and thus, it is not surprising that those most severely affected by schizotypal disorder are also at higher risk for subsequent conversion to schizophrenia. Adjusting for level of functioning did not, however, remove the associations between substance use disorders and conversion to schizophrenia. Use of antipsychotics was associated with conversion to schizophrenia. This association is probably a case of confounding by indication because patients who are deemed to be most severely ill among those with schizotypal disorder are treated with antipsychotics. However, adjustment for antipsychotic use did not remove the association between substance use dis- orders and conversion to schizophrenia. A large proportion of patients with schizotypal disorder in Denmark are prescribed antipsychotics, which raises the concern that some of these patients with schizotypal disorder might already have met the threshold for a psychotic disorder such as schizophrenia before the eventual diagnosis of schizophrenia. For this reason, we conducted sensitivity analyses in which we censored individuals at the time when they first started receiving antipsychotics. Apart from loss of power, this censoring had little effect on the estimated associations. Therefore, antipsychotic use is unlikely to be a causal risk factor for conversion from schizotypal disorder to schizophrenia. Instead, it may be a marker of already increased risk. Parental schizophrenia and other types of parental mental illness were not associated with conversion from schizotypal disorder to schizophrenia. This finding may be surprising because parental history of schizophrenia is a well-known risk factor for schizophrenia in the offspring 22 and parental severe mental illness is associated with substance use in the offspring 22 but is probably a ceiling effect to the high overall conversion rates from schizotypal disorders. The reasons for this lack of an association are not clear. The high overall conversion rate from schizotypal disorder to schizophrenia may not allow for other genetic risk factors to influence the risk greatly, whereas environmental risk factors such as cannabis use disorders are able to increase the risk of conversion even further. Apart from cannabis use, amphetamine and opioid use disorders were associated with conversion to schizophrenia. In a previous study in the background population, these 2 types of substance use disorders were associated with development of schizophrenia. 9 To our knowledge, little research has been conducted on this association. Because these substances are rather different, schizophrenia might not be associated with the substances but with the underlying addiction or even a selection mechanism. However, this process would not explain why the same results were not observed for the remaining substances. Opioids may also hold an antipsychotic effect 23 and thus may be used for selfmedication. More years of following up incident schizotypal disorder were required before previously reported conversion rates were reached in our study. Previous studies have relied on clinical settings in which patients were reassessed for schizophrenia at preset times. In our study, we had to rely on diagnoses given in treatment settings. This process may have introduced a delay between the actual time of conversion and the date that was recorded in registers, which could at least in part explain this discrepancy. Thus, it seems unlikely that participants with late conversion were originally misdiagnosed with schizotypal disorder.
Strengths and Limitations
The population of individuals with schizotypal disorder was drawn from unselected nationwide registers, thus eliminating the risk of selection bias and attrition bias. Validation studies of severe mental illness have shown that the register is highly valid for establishing populations with these disorders. 11 We were not able to validate the diagnoses of schizotypal disorder. The large proportion of antipsychotics prescribed to the population might indicate that not all of them had true schizotypal disorder but may in fact have had misdiagnosed schizophrenia from the start. We performed sensitivity analyses in which we censored individuals when they started receiving antipsychotics, with negligible changes to results. Thus, misdiagnosis of schizotypal disorder does not seem to be a likely explanation for the associations with cannabis use disorder.
A second limitation is that substance use disorders were only registered if and when they were treated or became prominent enough to be registered in patient medical records, although we attempted to minimize this effect by combining information on substance use disorder from several different sources. Therefore, our estimates were likely to be conservatively biased toward the null hypothesis. Similarly, only substance use disorders were registered, which also likely led to conservative estimates. An implication of this limitation could also be that the neurologic processes of addiction rather than the substances themselves drive the association.
The extent to which our results are generalizable to DSM-V is unclear. However, given that ICD-10 requires the presence of fewer criteria than DSM-V, individuals diagnosed using DSM-V criteria could be considered to be further along the path to schizophrenia, in which case we would expect that the associations be at least as strong using DSM-V criteria as in the present study.
A final limitation lies in the limited number of variables for which we could adjust analyses. We did not have information on the use of tobacco, which often co-occurs with cannabis use and with some evidence indicating that it may be linked to development of psychosis. 24 However, 1 analysis 25 has suggested that cannabis may be the explanatory factor in the link between tobacco and psychosis.
Conclusions
Secondary analyses of the OPUS trial found that integrated, specialized treatment decreased the rate of conversion to schizophrenia. 1 Another trial found that low doses of risperidone combined with cognitive behavior therapy reduced the rate of conversion to psychosis from ultrahigh-risk states such as schizotypal disorder, 26 but 2 later trials failed to replicate this finding. 27, 28 Of note, with the exception of the OPUS trial, all trials to our knowledge that have found significant reductions in conversion rates for psychosis have included patients fulfilling any ultrahigh-risk criterion and not just individuals with schizotypal disorder. Thus, an increased focus on how to prevent conversion from schizotypal disorder to schizophrenia is required. Preventing or treating substance use disorders, especially cannabis and amphetamine use disorders, may have some efficacy in reducing the additional risk attributable to substance use disorders but probably not below the already high baseline conversion rate.
